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Unusual polyphase inclusions of K-feldspar + quartz + titanite + solid salt and K-feldspar + albite + quartz + epidote with textures 
similar to the other K-feldspar + quartz inclusions were found in omphacite grains from the Sulu ultrahigh pressure (UHP) eclo-
gites. One of these inclusions contain square to round solid salt inclusions of KCl-NaCl composition. Such a mineral assemblage 
within K-feldspar-bearing inclusions hosted by UHP metamorphic phases suggests that (1) potassium granitic melts enriched in Cl 
components were presented during UHP metamorphism or at the early stage of rapid exhumation of deeply subducted continental 
slab; (2) they were resulted from reactions between the incoming granitic melts and quartz (or coesite); and (3) solid salt inclu-
sions of NaCl-KCl were derived from dehydration and desiccation of Cl-bearing melts. Our new observations further demonstrate 
that during the tectonic evolution of UHP rocks, fertile components within deeply subducted continental materials could undergo 
partial melting, leading to the formation of Cl-bearing potassium granitic melts and substantial migration of fluid-conservative 
elements (e.g. Ti, Hf) within the UHP slab. 
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A number of studies have demonstrated that continental 
crustal materials could be subducted to depths greater than 
100 km [1,2] and accompanied by limited dehydration [3] 
and pronounced oxidization [4,5]. Fertile components within 
the rocks that had been subjected to ultrahigh-pressure (UHP) 
metamorphism could experience partial melting [6–15] and 
produce granitic melts and even supercritical fluids [16] dur-
ing the deep subduction or the early stage of rapid exhuma-
tion of continental slab. Under pressures high enough to sur-
pass the second critical termination point, fluids and hydrous 
melts could mix completely and form homogenous super-
critical fluids [17,18]. Such fluids, geochemically similar to 
granitic melts, could dissolve not only a large quantity of 
large lithophile elements (LILE) and rare earth elements 
(REE), but also normally fluid-immobile elements such as 
high field strength elements (HFSE), and become an excel-
lent medium to transport these elements. During the tectonic 
evolution of continental subduction zones, formation and 
migration of granitic melts or supercritical fluids not only 
affect the geochemical properties of the subducted continental 
slab itself, but also exert strong influences on the physical and 
chemical properties of the overlying slab. Therefore, identifi-
cation whether the deeply subducted continental material 
experienced partial melting and whether supercritical fluids 
presented is one of the frontiers of recent UHP studies [16]. 
Resolving these issues will promote our understanding and 
appreciation of the pronounced physical and chemical effects 
of deep subduction and associated UHP metamorphic reac-
tions of continental materials.  
The geochemical nature of fluids associated with UHP 
metamorphism is commonly inferred from fluid inclusions 
in UHP phases. High salinity fluid inclusions have been 
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reported in garnet as well as omphacite in UHP rocks. Fluid 
inclusions hosted by UHP minerals in the Dabie-Sulu oro-
genic belt consist mainly of H2OCO2, and intermediate to 
low salinity H2O-CO2 fluids were presented at prograde, 
peak, and retrograde metamorphic stages [19–23]. Further-
more, high salinity fluids of NaCl-CaCl2-H2O composition 
also existed at least locally under UHP conditions 
[19,21–23]. Factors that control the chemical composition 
and salinity of such fluid inclusions include their sources as 
well as the hosted mineral-fluid re-equilibration [3,24]. 
Presence of anomalous high salinity fluids within the UHP 
rocks implies that local hosted mineral-fluid re-equilibration 
could be a dominated factor that regulates the composition 
of UHP metamorphic fluids [22]. However, the origin of 
anomalous high salinity fluids in UHP eclogites is still an 
unresolved issue. Interestingly, recent experiments had 
shown that the solubility of rutile in Cl-bearing fluids is 2–4 
times higher than that in pure water, indicating that Ti mo-
bility in Cl-bearing aqueous fluids is substantially higher 
than expected [25]. Therefore, identification of high salinity 
fluids in UHP rocks and resolving their origin could not 
only help to understand the kinetic behavior of key acces-
sory minerals (e.g. apatite, rutile, and zircon) under UHP 
metamorphic conditions, but also help to constrain the 
composition and state of deep metamorphic fluids, dehydra-
tion or degassing processes of fluids or melts, and their ef-
fects on tectonophysical properties of deep crustal rocks.  
Recent studies have documented a number of quartzo- 
feldspathic polyphase inclusions consisting of K-feldspar, 
albite, and quartz hosted by garnet as well as omphacite in 
the Dabie-Sulu UHP eclogites [5,26–28]. Presence of these 
extraordinary inclusions in UHP rocks implies that the 
Dabie-Sulu UHP rocks might have experienced partial 
melting [27,28] during UHP metamorphism. In order to 
further constrain the chemical properties of these melts, 
detailed exanimations show that except for barite identified 
previously, these polyphase inclusions also contain square 
or round solid salt of KCl+NaCl composition and irregular 
titanite (CaTiSiO5). Co-existence of solid salt, barite, and 
titanite in quartzo-feldspathic polyphase inclusions suggests 
that hydrous, sulfate- and Cl-bearing melts were involved in 
melt-quartz (coesite) or -omphacite reactions and produced 
supercritical fluids, an excellent medium for large-scale 
transportation of HFSE, under UHP conditions.  
1  Sample descriptions 
Sample CCSD-02 of this study was collected in an eclogite 
quarry (118°40′27″E, 34°24′01″N) close to the main bore-
hole of Chinese Continental Scientific Drilling Project 
(CCSD) located to the Maobei of Donghai, Jiangsu Prov-
ince. To better characterized the composition and texture of 
the constituent phases and inclusions, thin sections were 
prepared along directions parallel, perpendicular, and 
oblique to the stretching lineation of this sample. Sample 
CCSD-02 is a relatively fresh rutile eclogite with well- de-
veloped foliation and stretching lineation and consists of 
garnet, omphacite, rutile, phengite, and minor apatite (Fig-
ure 1(a)). It had experienced weak retrograde reactions as 
represented by the hornblende + plagioclase symplectite 
along the grain boundaries of garnet and omphacite or along 
the micro-fractures within garnet or omphacite. However, 
no titanite was found either around rutile or within the 
symplectite, which indicates that rutiles had not experienced 
retrograde reactions. Apatite contains a large amount of 
oriented sulfide consisting dominantly of FeS and minor 
FeS2, similar to those from other Sulu eclogites [29,30]. 
Other than epidote and titanite as part of the quartzo-  
feldspathic inclusions, both phases do not present neither in 
the constituent phases nor in the retrograde symplectites. 
Several K-feldspar-bearing polyphase inclusions were iden-
tified within garnet as well as omphacite. These inclusions 
are commonly euhedral to subhedral (Figure 1(b)–(d)) and 
some of them are surrounded by outward growing radial 
fractures (Figures 1(b) and 2(c)). Among these inclusions, 
one of them contains a number of micron size (<10 um) 
solid salt (Figure 2(d) and (e)), whereas irregular titanite 
grains occur along the grain boundaries of K-feldspar and 
quartz in three (MS-2, -3 and -4) inclusions (Figure 2).    
2  Analytical methods 
The texture and mineral compositions of these inclusions 
 
 
Figure 1  Microphotographs showing the texture and mineral assemblage 
in eclogite sample CCSD-02 and K-feldspar-bearing polyphase inclusions 
hosted by omphacite. (a) Overall view of the texture of mineral assemblage 
in sample CCSD-01. It consists of garnet, omphacite, phengite, and rutile. 
Rutile grains are distributed mainly along the grain boundaries of garnet 
and omphacite. Omphacite grains show preferential orientation. (b) 
K-feldspar + Albite + Epidote + Quartz polyphase inclusion in omphacite. 
This inclusion is surrounded by well-developed radial fractures that are 
limited within the host omphacite. (c) Two K-feldspar + Quartz inclusions 
in omphacite. (d) Prismatic and subhedral inclusion of K-feldspar + Quartz 
+ Titanite + solid salt in omphacite. Scale bars=200 m. Omp, omphacite; 
Grt, garnet; Rt, rutile; Qtz, quartz; Kf, K-feldspar; Ab, albite.  
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Figure 2  Back Scatter Electronic (BSE) images showing the texture and 
mineral compositions of Kf-bearing polyphase inclusions. (a) MS-1: 
K-feldspar + Albite + Epidote + Quartz polyphase inclusion in omphacite. 
K-feldspar occurs mainly along the grain boundaries of albite, quartz, and 
epidote. Scale bar = 100 m. (b) MS-2: polyphase inclusion of K-feldspar, 
quartz, and titanite with a pseudomorph after coesite in omphacite. Irregu-
lar K-feldspar distributes along the grain boundaries of quartz grains. Ti-
tanite grains (white phases) occur in the upper right and lower right of this 
inclusion. Scale bar= 100 m. (c) MS-3: K-feldspar + Quartz + Titanite + 
Solid Salt inclusion in omphacite. Quartz and K-feldspar show mosaic 
intergrowth texture. Tianite occurs in the lower right of this inclusion. 
Scale bar = 200 m. (d) Enlarged view of the inclusion MS-3 showing the 
occurrence and texture of solid salt. Scale bar = 20 m. (e) Enlarged view 
of the inclusion MS-3 showing the occurrence and texture of round mi-
cron-size solid salt. Scale bar = 20 m. (f) Enlarged view of the inclusion 
MS-3 showing the occurrence and texture of titanite. Scale bar = 20 m. (g) 
Two K-feldspar-bearing inclusions (MS-2 and MS-4) in the same ompha-
cite. Scale bar = 200 m. (h) Enlarged view of the inclusion MS-4 showing 
the texture of coexisting quartz, K-feldspar, and titanite. Scale bar = 100 
m. Omp, omphacite; Grt, garnet; Qtz, quartz; Ab, albite; Kf, K-feldspar; 
Rt, rutile; Tnt, titanite; Epi, epidote.  
were examined by a Scanning Electron Microscope (SEM). 
Back scatter electron (BSE) images were obtained by using 
a JSM-5610LV scanning electron microscope equipped 
with an energy dispersive X-ray spectrometer (EDS) at the 
Institute of Geology, Chinese Academy of Geological Sci-
ences. EDS line scan and X-ray composition mapping were 
also performed with the same instrument. Operating condi-
tions were 20 kV accelerating voltage, beam current 2.8 nA. 
Image analysis of high-resolution BSE images of the 
Kf-bearing inclusions were used to estimate the modal pro-
portions of constituent phases in each inclusion by point 
counting. During the analysis, spot size is 40 nm, spatial 
resolution is 4 m, but the actual area for analysis is larg-
er than 5m. Therefore, for those phase with a grain sizes 
less than 5m, the final analytical results requires matrix 
correction.  
Chemical Analyses of mineral composition were carried 
out in the Key Laboratory of Orogenic Belt and Evolution 
of Continental Crust, the Ministry of Education, Peking 
University, using a JEOL Super Probe equipped with wave-
length dispersive spectrometers. The microprobe was oper-
ated with an accelerating voltage of 15 kV, a current of 10 
nA, and a spot size of 1 μm. Chemical analysis was cali-
brated with mineral and oxide standards. For the analysis of 
Na content within both omphacite and albite, a pure albite 
standard was used to calibrate the potential loss of Na dur-
ing analysis. Analytical results are listed in Table 1.  
3  Data and results 
3.1  Characteristics of polyphase inclusions 
(1) MS-1: K-feldspar + Albite + Quartz + Epidote inclusion. 
This inclusion is subhedral and has a clear cut contact with 
its host omphacite. It consists of quartz, albite, K-feldspar, 
and epidote. Within this inclusion, quartz dominates and 
albite, slightly lighter than quartz in the BSE image, occurs 
mainly in the central part of this inclusion. Epidote occurs at 
the upper left and upper right corner of this inclusion and 
coexists with quartz and K-feldspar. K-feldspar occurs 
along the grain boundaries of quartz grains, quartz and 
ablite or quart and epidote (Figure 2(a)). It consists of ap-
proximately 85% quartz and albite, 10% K-feldspar, and 5% 
epidote. Similar to other K-feldspar-bearing inclusions, this 
inclusion also displays off-shoot structures (Figure 2(a)), 
indicating a fluid state when it was captured.  
(2) MS-2: K-feldspar + Quartz + Titanite inclusion. Pol-
yphase inclusions of K-feldspar + quartz are common in the 
eclogites along the Dabie-Sulu UHP belt [26–28,31]. Such 
inclusions have been found in garnet as well as in ompha-
cite. Within this sample, some inclusions also contain fine 
grained anhedral titanite (Figure 2(b)). Inclusion MS-2 dis-
plays similar texture to that pseudomorph after coesite. An-
hedral K-feldspar occurs along the grain boundaries of 
quartz. Titanite is located to the upper right and upper left of 
this inclusion. It consist of ~90% quartz, ~9% K-feldspar, 
and ~1% titanite.    
(3) MS-3: K-feldspar + Quartz + Titanite + Solid Salt in-
clusion. This inclusion is also hosted by omphacite and 
consists of approximately equal amount of quartz (~49%), 
and K-feldspar (~49%), and minor titanite. Quartz and 
K-feldspar show mosaic intergrowth texture, similar to that  
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Table 1  Chemical composition of albite (Ab), quartz (Qtz), K-feldspar (Kf), epidote (Epi) and titanite (Tnt) in K-feldspar-bearing inclusions, oxides in wt%a) 
Inclusion MS-1 MS-2 MS-3 
Mineral Kf Ab Epi Qtz Kf Qtz Tnt Kf Qtz Tnt 
No. of analyses 6 5 5 6 6 6 3 6 6 2 
SiO2 64.79 68.53 38.30 99.33 65.36 99.40 31.22 65.64 98.76 31.24 
TiO2 0.01 0.03 0.16  0.04 0.01 32.90 0.01  32.96 
Al2O3 18.06 19.60 28.79  18.19  3.55 18.59 0.03 3.50 
FeO 0.01 0.06 4.76 0.06 0.07 0.06 2.47 0.08 0.11 2.52 
MnO 0.01 0.01 0.07  0.03   0.05   
MgO   0.20   0.03     
CaO 0.03 0.17 22.09 0.02 0.03 0.01 28.06 0.05 0.03 28.04 
Na2O 0.12 11.55 0.01 0.05 0.10  0.10 0.19  0.12 
K2O 16.30 0.03  0.01 16.23  0.09 15.43 0.03 0.11 
Total 99.33 99.98 94.38 99.46 100.05 99.51 98.39 100.04 98.96 98.49 
a) Blank within this table is those oxides below detection limit; values reported in this table are average values based on several analyses shown by the 
No. of Analyses.  
 
 
of hornblende + plagioclase symplectite. Within the prox-
imity of this inclusion, there are several relatively large 
fractures (Figure 1(d)) filled with typical amphibolite facies 
retrograde assemblage of hornblende, plagioclase, and 
quartz, but no K-feldspar or other K-bearing phases. A 
number of blocky or round, micron size KCl-NaCl salt in-
clusions were preserved within this inclusion (Figure 2(d) 
and (e)). At the lower right, a ~10 m big titanite (CaTiSiO5) 
occurs near the inclusion boundary (Figure 2(c) and (f)). 
These fine grained inclusions are distributed along the grain 
boundaries of K-feldspar, quartz, and albite (Figure 2(d)– 
(f)). SEM observations show that the solid salt inclusions of 
KCl-NaCl composition are characterized by well-developed 
compositional zoning. X-ray composition mapping reveal 
that this inclusion consists of KCl in the center and NaCl 
toward the margin (Figure 2(d)). 
(4) MS-4: K-feldspar + Quartz + Titanite inclusion. In-
clusion MS-4 and MS-2 are hosted by the same omphacite 
grain (Figure 2(g) and (h)). It is long and prismatic and has 
similar mineral assemblage and texture to those in MS-2. 
Titanites in this inclusion are relatively large with sizes of 
15 m and up to 25 m, and are located well within the 
interior of this inclusion, and distribute along the grain 
boundaries of quartz and K-feldspar. Within the proximity 
of this inclusion, rutile grains in contact with retrograde 
veinlets had not been converted to titanite, indicating a very 
low Ti-solubility in the retrograde fluids.  
3.2  Mineral chemistry 
To further constrain the chemical compositions and internal 
textures, X-ray compositional mapping was performed on 
the solid salt-bearing inclusion to determine its element dis-
tribution pattern of Si, Al, Na, K, and Cl (Figure 3). In Fig-
ure 3, brighter color represents higher concentration of each 
element, scales are arbitrary and are stretched to maximize 
contrast for each element. The solid salt inclusions consist 
mainly of K, Na, and Cl, and display well-developed com-
positional zoning in terms of K and Na (Figure 3(e) and (f)).  
For three inclusions (MS-1, -2, and -3) as described as 
above, we performed EPMA analyses to determine the 
chemical composition of constituent phases within each 
inclusion and its host. Analytical results are listed in Table 1. 
We selected spots on each phase (albite, K-feldspar, and 
quartz) large enough to avoid interference from the other 
phases. EPMA analyses show that: (1) albite grains have 
relatively uniform composition and contain 68.5 wt% SiO2,  
 
 
Figure 3  X-ray composition map of soild sylvite (KCl)-halite (NaCl) 
inclusion within the inclusion MS-3. Co-distribution of K, Na, and Cl 
indicates the presence of KCl and NaCl within this inclusion. Relative 
concentrations of Si, Al, Cl, Na, and K are indicated by the lightness of the 
color. The lighter the color is, the higher the concentration for each element 
within the inclusion. Kf, K-feldspar; Qtz, quartz. 
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19.6 wt% Al2O3 and 11.6 wt% Na2O, but low CaO (<0.17 
wt%) and K2O (<0.03 wt%) (Table 1); (2) in all inclusions, 
K-feldspars have very uniform composition consistent 
within error with pure KAlSi3O8 stoichiometry, with 64.8 
wt%–65.6 wt% SiO2, 18.1 wt%–18.6 wt% Al2O3, and 15.4 
wt%–16.3 wt% K2O. They also contain tiny amounts of 
Na2O, FeO, and TiO2 (Table 1); (3) quartz grains are nearly 
pure quartz; and (4) in different inclusions, titanite grains 
are relatively uniform and consist of ~31.2 wt% SiO2, 32.9 
wt%–33.0 wt% TiO2, and 28.0 wt% CaO with relatively 
high contents of Al2O3 (3.5 wt%–3.6 wt%) and FeO (~2.5 
wt%) (Table 1). In order to detect any possible variations in 
omphacite compositions, careful examination and analyses 
were carried out on omphacite grains from each sample. 
Analytical results demonstrate that these omphacite grains 
have very low K2O and no substantial variations in Na2O 
from the same sample, irrespective of whether they contain 
K-feldspar-bearing inclusion or not. 
4  Discussions 
Petrographic examinations show that (1) these inclusions 
appear to be completely enclosed within optically continuous 
omphacite grains; (2) each inclusion has a clear-cut boundary 
with its host; and (3) sample of this study had experienced 
very minor retrogression. Retrograde metamorphic fluid pen-
etration is limited to the grain boundaries of garnet and om-
phacite or cracks of the host omphacite. In addition, the 
composition of these inclusions reported here is completely 
different from the breakdown products either from garnet or 
from omphacite. Thus, we believe that these quartzo-   
feldspathic polyphase inclusions could not be derived from 
retrograde breakdown of either garnet or omphacite and have 
retained largely their original bulk compositions.  
Available data have demonstrated that major constituent 
phases in rocks from the interior of the Earth contain silicate 
melt inclusions or supercritical fluid inclusions [32–38]. 
Such inclusions have been one of key avenues to learn the 
nature of geologic processes operated within the interior of 
the Earth and the geochemical properties and behaviors, and 
the tectonophysical effects of deep fluids or melts. Bureau 
and Keppler [32] reported silicate-rich melt inclusions co-
exist with fluid inclusions in spinel lherzolites, which indi-
cates the presence of supercritical fluids rich in water and 
silicate in the mantle. Upon pressure drops, such supercriti-
cal fluids unmix and form the silicate-rich melt inclusions 
and fluid inclusions. Diamonds from kimberlites and UHP 
calc-silicates also contain Si-rich melt inclusions with up to 
67 wt% SiO2 and 12 wt% K2O [33,34]. In diamond-bearing 
UHP rocks from Kokchetav, water-rich inclusions were 
found in both diamond and clinopyroxene [35]. These ob-
servations show that melts or supercritical fluids rich in K, 
Na, and Si serve as excellent medium for the growth of di-
amond under UHP conditions [36–38].  
In the presence of H2O-rich fluid, K-feldspar is not stable 
at pressure greater than 2.5 GPa and will transform into 
K-cymerite [12,39,40]. In addition, hydrous granitic melts 
with H2O content of c. 10 wt% should occur at the estimat-
ed peak metamorphic conditions for the Sulu UHP eclogite 
(P>3.3 GPa and T=750–850°C) [11,12], implying the high 
potential in forming K-cymerite in the Dabie-Sulu UHP 
rocks under UHP conditions. By careful examination of 
K-bearing polyphase inclusions in the Sulu eclogites, Zeng 
et al. [31] found remnant K-cymerite in such inclusions, 
which suggests that at least part of these quartzo-feldspathic 
inclusions had experienced K-cymerite to K-feldspar phase 
transformation and should be formed under UHP conditions, 
consistent with results from experiments and theoretical 
modeling [11,12,41]. Except for the volume increase due to 
coesite→quartz and K-cymerite→K-feldspar phase trans-
formation, dehydration of hydrous granitic melt inclusions 
within the UHP rocks also contribute to various degrees of 
volume changes during the rapid exhumation of UHP rocks. 
With decrease in water contents, hydrous melt inclusions 
should increase their volume to maintain their liquid state, 
and in turn could enhance brittle deformation in their hosts. 
This process could be one of the important factors that lead 
to the formation of radial fractures or off-shoot structures 
around the hosts for the quartzo-feldspathic inclusions.  
Studies on the composition of fluid inclusions in the Sulu 
eclogites have shown that salt-bearing fluid inclusions 
formed under UHP conditions are dominantly of NaCl- 
CaCl2-H2O [19,21–23]. Such compositions are substantially 
deviated from KCl-NaCl of solid salt within the quartzo- 
feldspathic inclusion reported in this study, implying dif-
ferent formation mechanisms. The solubility of H2O and 
CO2 in silicate melts is low [42], once the pressure drops 
below the second critical end point, fluid and melt unmix 
and form fluid and melt separately. It is conceivable that 
NaCl and KCl dissolved in the immiscible fluids should 
increase during progressive reaction of melt with quartz (or 
coesite) or other phases. Such fluids precipitate KCl-NaCl 
crystals during dehydration and desiccation within these 
quartzo-feldspathic inclusions. In silicate melts, Cl present 
as complexes of alkaline elements (K and Na) with Cl ions. 
Aqueous fluids in equilibrium with silicate melts are en-
riched in Cl, but the partitioning behavior of Cl between 
aqueous fluids and silicate melts depends on the chemical 
composition and concentration of Cl in the silicate melt [43]. 
Therefore, during the degassing of high-Si melts, Cl will 
strongly partition into aqueous fluids and lower the Cl con-
centration in the coexisting melts. Experiments have already 
shown that NaCl and KCl salt form solid solution in rela-
tively lower pressure rocks [44]. Solid NaCl and KCl salt 
inclusions were reported in high pressure granulite facies 
rocks [45,46]. Such solid salt inclusions represent products 
from sequential hydration, dehydration and desiccation, and 
concentration of Cl in granulite facies rocks. During granu-
lite facies metamorphism, short and transient hydration re-
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sulted in the formation of Cl-bearing aqueous fluids, subse-
quent dehydration and desiccation concentrate Cl and pro-
duced hydrous fluids rich in Cl as well as Cl-bearing horn-
blende and biotite; these Cl-concentrated aqueous fluids 
underwent further dehydration and desiccation and ulti-
mately resulted in the solid salt inclusions in these granulite 
facies rocks [45]. In the Sulu eclogites, coexisting of solid 
salt with K-feldspar, albite, and quartz suggests that these 
K-feldspar-bearing inclusions might have experienced sim-
ilar processes. Silicate melts or supercritical fluids captured 
by either garnet or omphacite had undergone crystallization 
and desiccation and generated associations of quartzo- 
feldspathic inclusion  solid salt inclusion  barite as pres-
sure dropped during rapid exhumation of UHP rocks.  
Polyphase inclusions consisting of hydrous, Ti-bearing 
and P-bearing minerals in HP to UHP phases in the eclo-
gites from Donghai, Jiangsu Province, indicated the pres-
ence of supercritical fluids at UHP conditions or at the ear-
liest stages of rapid exhumation [16,47]. Liu et al. [48] 
found Cl-bearing hornblende in the Sulu eclogite and inter-
preted that they were formed from aqueous fluids rich in Cl 
produced by hydration of phengite and normally anhydrous 
minerals (NAM) (e.g. garnet, omphacite, and rutile) during 
the transition from eclogite facies to amphibolite facies 
metamorphism. Cluster of fluid inclusions enriched in salt 
components in the core of garnets in the Sulu UHP eclogites 
were also documented by Shen et al. [22]. Such fluid inclu-
sions are characterized by very high density and were cap-
tured under the quartz eclogite facies conditions (820°C, 2.4 
GPa) [22]. These studies together with this new observation 
demonstrated that fluids rich in Cl were present at different 
metamorphic stages and could have regulated the chemical 
behaviors of key phases in the Sulu UHP eclogites.  
Among quartzo-feldspathic inclusions reported in previ-
ous studies, some contain barite [5,16], while others contain 
zircon [27]. One of the inclusions (MS-1) in this contribu-
tion contains epidote. Such epidote could be produced either 
by reaction of granitic melt with the host omphacite (Reac-
tion 1) or by crystallization directly from the melt (Reaction 
2). In the inclusion MS-1, epidotes consist of mainly FeO 
and negligible MgO (Table 1), in contrast, their host om-
phacite consists of ~9.0 wt% MgO and 4.6 wt%–4.7 wt% 
FeO. If these epidotes were resulted from melt-omphacite 
reactions, then these epidotes should contain a large amount 
of MgO, which is not observed. In addition, epidote occurs 
neither in the constituent phases (e.g. garnet, omphacite and 
rutile) nor in the symplectite. Both lines of evidence argue 
against Reaction 1 as a viable mechanism for the presence 
of epidote in the inclusion MS-1. Therefore, epidotes in the 
inclusion MS-1 should represent products directly derived 
from the granitic melt, which in turn implies that such melts 
should be hydrous and contain a substantial amount of Fe 
and Ca. Overall, these special polyphase inclusions indicate 
the presence of silicate melts rich in volatile components 
under UHP conditions in the UHP rocks.  
Titanite is commonly observed as retrograde product 
from rutile in many eclogites that have experienced am-
phibolite facies retrograde reactions. Presence of titanite in 
these polyphase inclusions seems that they were derived 
from retrograde breakdown of rutile. However, two lines of 
observation preclude such a possibility. First, in sample 
CCSD-02, rutile grains are intact and do not experience 
rutile-titanite transformation. Second, no titanite occurs ei-
ther in the symplectites or in the retrograde veinlets. There-
fore, presence of titanite in these inclusions signifies en-
hanced solubility of Ti in Cl-bearing granitic melts or su-
percritical fluids. Such an inference is supported by recent 
experimental results demonstrating that solubility of rutile 
in Cl-bearing fluids is increased by 2–4 times higher than 
that in ordinary aqueous fluids [25], and up to ~5000 ppm 
of Ti in supercritical NaAlSi3O8-H2O fluids [49]. With the 
presence of Cl-bearing granitic melts or supercritical fluids 
as represented by the polyphase inclusions in the Sulu eclo-
gites, it is conceivable that rutile solubility should be sub-
stantially enhanced and elevated amounts of Ti and other 
elements with similar geochemical affinity could be re-
leased into the melt or fluid. Consequently, these melts or 
fluids mobilize Ti and other HFSE and crystallized titanite 
together with quartzo-feldspathic phases in response to de-
hydration and desiccation. In summary, quartzo-feldspathic 
melts presented during the subduction and exhumation of 
UHP rocks serve as an important medium to transport both 
fluid-mobile (LILE and LREE) and -immobile (HFSE) el-
ements, and impart strong effects on the geochemistry of the 
overlying wedge and subducting slab itself [50]. Partial 
melting in deeply subducted continental slab may be a ma-
jor factor that contributes to rapid exhumation of UHP rocks 
by changing the geophysical properties of the slab.  
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